The length of hospital stay after coronary surgery was studied in 4,683 patients undergoing cardiac catheterization followed by coronary 
In recent years there has been considerable interest in controlling hospital costs. This is especially germane with regard to coronary bypass surgery"2 because this operation is the most commonly performed major operation in the United States and accounts for a considerable expenditure of total health care resources. 3 Thus, it is of importance to determine which factors influence these costs. A clear determinant of resource use will be length of hospital stay. 4 The purpose of our study was to evaluate those factors that result in prolonged hospital stay after coronary surgery. To this end, multiple clinical, angiographic, and intraoperative factors as well as multiple complications were used to predict length of stay.
Methods

Patient Population
The study population comprised 4,683 patients who underwent cardiac catheterization and first coronary bypass surgery at Emory University Hospital or Crawford Long Hospital between 1981 and 1986. Patients with coexisting valve disease, congenital heart disease, primary myocardial diseases, or patients requiring aneurysmectomy were excluded from the analysis. A second population of 781 similar patients undergoing coronary bypass in 1987 formed a validation population.
Cardiac Catheterization
Coronary arteriography was performed in multiple right and left anterior oblique projections using the Judkins technique. All angiograms were interpreted by at least two experienced angiographers. Contrast left ventriculograms were performed in the 300 right anterior oblique projection. Ejection fractions were calculated in 4,381 patients according to the area-length method.5
Surgical Technique
Extracorporeal circulation was instituted by standard techniques6 and perfusion was maintained at 2.0-2. 4 1/min/m2. Systemic hypothermia (20- 250 C), topical hypothermia, and cold potassium cardioplegia were used for myocardial protection. Cardioplegic solution was reinfused at 20-30 minute intervals to maintain an intramyocardial temperature of less than 200 C. Distal anastomoses were formed with the aid of optical magnification. Grafts were created from either internal mammary arteries or vein grafts; the patients were then weaned from cardiopulmonary bypass and the chest closed with standard techniques. The To assess the ability of independent variables to predict a dependent variable, two measures were considered-the relative risk and the odds ratio. 12 The relative risk is the fraction (risk) of a group having an endpoint (prolonged stay) divided the fraction having an endpoint in a reference group. This parameter was used to measure predictive ability in the univariate contingency tables. The odds ratio is the ratio of the odds of achieving an endpoint in a group divided by the odds of achieving an endpoint in a reference group. The odds is the number achieving the endpoint divided by the number not achieving it. The odds ratio may seem more obscure than the relative risk but has the advantage of being related to the coefficient in stepwise logistic regression analysis. The two are generally similar in size except when the relative risk is large. The validation population was tested using the prediction model formed by the coefficients developed from the stepwise logistic regression in the study population. The probability of prolonged stay was predicted for each patient in the validation population. Contingency tables of observed prolonged stay versus predicted prolonged stay were constructed with an arbitrary value of 30% probability of prolonged stay as a cut point. It is possible to vary this figure and generate a receiver-operative characteristic curve such that at a lower value the sensitivity would rise and the specificity would fall.14 The contingency tables were evaluated by forming sensitivities, specificities, and predictive values. In addition, the Yules's Q, a measure of association in contingency tables, was calculated.13 A Yule's Q of -1 is maximum negative and a Yule's Q of 1 is maximum positive association.
Results
The distribution of length of stay is presented in Figure 1 . The vertical dashed line is at 10 days. Note that there is a very large modal value for length of stay at 7 days. There are, however, some patients with lengths of stay extending to more than Days FIGURE 2. Plot ofcumulative hospital discharges. Cumulative hospital discharges from 0 to 60 days are displayed; 99.5% ofpatients are discharged by 60 days.
180 days. The expanded scale used for the main graph results in enhanced noise as well as a clear view of the data, which probably accounts for the choppy nature of the declining portion of the curve. While the tail rapidly falls to a relatively low value, certain subsets of patients, to be described below, are primarily located in this tail. Figure 2 is a counterpart to Figure 1 , showing the cumulative percent discharged up to day 60. Note that the percent discharged is small until day 6 when it rapidly begins to rise. Thereafter, the number of discharges per day decreases, and the curve gradually approaches 100% discharged.
The pattern of discharge is, thus, relatively complex. To gain a better understanding of the determinants of this pattern, the influence of various clinical parameters were examined in detail. Tables 1  and 2 Table 3 ; multivariate periprocedural variables and complications are presented in the bottom of Table  3 . Q wave myocardial infarction is closely related to total myocardial infarction and is not independent. Note that for the clinical correlates, the odds ratios are comparable to the relative risks from the contingency tables (Table 3) . Age is the major clinical correlate of prolonged stay. For the complications of wound infection, neurologic event, and pneumonia, the odds ratios are considerably higher. The odds ratio approximates the relative risk until the relative risk becomes large. The odds ratio for wound infection from the data in Table 2 would be 114, quite comparable to that from the logistic model. Multivariate clinical correlates and complications are combined in Table 4 . In this analysis, the complications remained the major correlates, with age remaining important as well. In this model, death ceased to be an independent correlate of prolonged stay. Correlations coefficients were examined for each pair of correlates in each analysis, and none were more than 0.20.
Length of stay is naturally a continuous variable. To further examine how risk factors relate to length of stay, length of stay was examined as the dependent variable by multiple regression. This model is presented in the left side of Table 5 . In this model, the value of each independent variable is multiplied by the coefficient to determine length of stay. Of note, if other variables are held constant, a wound infection will add 21 days to the length of stay, a neurologic event 9 days, and pneumonia 11 days. In this model, the attempt is to determine the length of stay explicitly because the length of stay is the dependent variable. The multiple R2 is 0.20, which means that only 20% of the variation in length of stay can be predicted by the model; this would suggest that length of stay cannot be predicted Tables 3 and 4 were used to determine the probability of prolonged stay in the validation population ( 
